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Abstract. The aim of this study was to determine the  behavior of Temporomandibular joint 
implant made of different materials when it is subjected to loads resulted of daily movements. A 
three dimensional model of a lower mandible of a human were developed from a CT scan dataset. A 
commercial Temporomandibular joint implant and fixation screws were modeled. Three 
dimensional finite element models of implanted mandible analyzed under static loading of five 
clunching tasks. The investigation went to study on two materials of titanium and Cobalt-chromium 
alloy for implant. The equivalent strain of whole structure was computed and utilized for evaluation 
of implant design. The safety factor results showed that both materials were capable to carry the 
applied complex loads. 
Introduction 
The temporomandibular joint (TMJ) is a joint that is subjected to loads during physiological 
movements [1]. TMJ is a bilateral joint of the jaw in the human body which acts as a single entity 
during normal masticatory activities, speaking, yawning, and swallowing [2]. Epidemiological 
surveys reported that around 30 million Americans suffer from temporomandibular disorders or 
TMDs.  Even though the majority of patients with TMDs are conservatively treated, true joint 
pathology of the TMJ occasionally warrants an artificial joint replacement [3]. TMJ replacement 
has been developed in cases of joint trauma, advanced degenerative disease, tumors, developmental 
anomalies, and ankylosis of the joint following injury [4]. Alloplastic replacement of the TMJ 
generally involves the use of a condylar implant with an articulating glenoid fossa component in 
which the suffered joint has been replaced by TMJ prosthesis.  
The Lack of a universal TMJ implant [5] call attention to the high demand of further investigation 
regarding these prostheses [2]. Finite element analysis (FEA) is a useful means which can be 
applied to study the behavior of the complicated structures. Previously, FEA has been used for 
study of the biomechanical behavior of orthopedic devices such as hip, knee, and spinal implants, 
under various loading conditions.  Finite element (FE) models for TMJ, including the articular 
cartilage, have been developed by many researchers; however few studies have been used to look 
into TMJ implants by using mathematical model or FE analysis[2]. To determine the effect of 
material properties of TMJ implant, the behavior of TMJ implant should be studied under 
physiological loading. Thus, this study aimed to quantify the strain distribution in a commercial 
TMJ implant with different materials under five clenching tasks. 
 
 Materials and Methods 
The model of the mandible was based on data was obtained from a CT scan images set of 98 
slices, with 1mm slice thickness. Using an image processing software package (Mimics, Materialise 
NV, Leuven, Belgium), cortical and cancellous bone were separated and reconstructed. Three 
dimensional (3D) model of the lower jaw was then imported to a commercial 3D modeling software 
(SolidWorks 2009, Dassault Systèmes, USA). The 3D model of the implant was created based on 
the geometry of a commercial TMJ implant (TMJ Implants, Inc.,Golden, CO, USA). The standard 
implant was fixed on the lower jaw model (Fig. 1a).The dimensions of standard implant were as 
follow: implant slender part (thickness = 2.5 mm and length= 44.6 mm); implant condyle (diameter 
= 8.7 mm and length/height = 10.03 mm); and the 10 screw holes were 3.02 mm in diameter [6].  
To simulate the real patient (surgery), the condylar part of the mandible was cut and implant was 
aligned to the left side of the mandible. Previous study [7] figured out that, three fixation screws 
can supply optimum implant stability. Hence, three screws were used to fix implant on the jaw.  
For static assessment of the model with TMJ implant, finite element analysis (FEA) software 
(CosmosWorks 2009, Dassault Systèmes, USA) was used. The model was meshed using 1.2 mm 
parabolic tetrahedral elements with a total number of 133,234 elements and 196,599 nodes (Fig. 
1a). 
Data on the material properties of the components were taken from previous published data 
considered to be homogenous, isotropic and linearly elastic (Table 1) [8-10]. Two different material 
properties, Ti-6Al-4V and cobalt-chromium alloy, were used for the implant, whilst the screws 
were assumed to be made of titanium alloy. 
The models were analyzed to simulate five static biting tasks consisting of [8]: 
1. Clenching in the intercuspal position (ICP); in which the canines, premolars and molars were 
bilaterally and vertically restrained from movement (excluding the right third molar, which was 
partially erupted); 
2. Clenching with the teeth in left group function (LGF), in which the left canines, premolars, and 
molars were vertically restrained; 
3. Clenching in left group function with a cross-arch balancing contact on the second molar 
(LGF+B), in which the left canines, premolars, and molars were vertically restrained. In addition to 
these teeth, the right second molar was also restrained; 
4.  Incisal clenching (INC), in which four incisors were not allowed to translate upward; 
5. Right unilateral molar clenching (RMOL), in which the first right molar was not allowed to 
translate upward. 
The loading configurations consisted of nine principal muscles: superficial masseter (SM), deep 
masseter (DM), medial pterygoid (MP), anterior temporalis (AT), middle temporalis (MT), 
posterior temporalis (PT), inferior lateral pterygoid (ILP), superior lateral pterygoid (SLP), and 
anterior 
digastrics (AD).  In order to create pairs of masticatory muscle forces which occupy a wide 
attachment area, a group of parallel vectors were bilaterally loaded to the jaw model at masticatory 
muscle locations (Fig. 1b). The magnitude of muscular forces applied, relative to its maximum 
possibility, and their corresponding unit vectors are presented in Table 2a and Table 2b. 
Table 1. Isotropic material properties assigned to the components in FEA models. 
 
 
 
 
 
 
 
 
Materials Elastic Modulus [MPa] Poisson’s ratio 
Cortical Bone [9] 13,700 0.30 
Cancellous bone [9] 1,370 0.30 
Dentin [9] 18,600 0.31 
Titanium Alloy [10] 110,000 0.30 
Cobalt-chromium alloy [11] 220,000 0.30 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a): Finite Element model, (b): a group of parallel vectors on the right ramus which is 
simulated masseter muscle loads. 
 
Table 2a. Directions of unit vectors (i.e., direction cosines) of muscular forces and forces assigned 
to the masticatory muscles for incisal clenching task [8]. 
When seen from the front, the x-z plane was parallel to the floor, with the +x axis oriented toward 
the right, the +y axis running upward, and the +z axis oriented forward (anteriorly). 
 
Table 2b. Muscular forces [N] assigned to the masticatory muscles for five clenching tasks [8]. 
 
 
 
 
 
 
Muscle 
Right Side Left Side 
Cos-x Cos-y Cos-z Cos-x Cos-y Cos-z 
Superficial Masseter -0.207 0.884 0.419 0.207 0.884 0.419 
Deep Masseter -0.546 0.758 -0.358 0.546 0.758 -0.358 
Medial Pterugoid 0.486 0.791 0.373 -0.486 0.791 0.373 
Anterior Temporalis -0.149 0.988 0.044 0.149 0.988 0.044 
Middle Temporalis -0.222 0.837 -0.5 0.222 0.837 -0.5 
Posterior Temporalis -0.208 0.474 -0.855 0.208 0.474 -0.855 
Inferior Lateral Pterygoid 0.63 -0.174 0.757 -0.63 -0.174 0.757 
Superior Lateral Pterygoid 0.761 0.074 0.645 -0.761 0.074 0.645 
Anterior Digastric -0.244 -0.237 -0.94 0.244 -0.237 -0.94 
Superficial Masseter -0.207 0.884 0.419 0.207 0.884 0.419 
Condyle 
Implant Slender 
a 
b 
 Result and Discussion 
The TMJ implant has been designed to replace the damaged TMJ joint. The implant geometry is 
totally different with correspondent opposite side in mandible. This geometrical differentiation 
affects to the equivalent stress or strain growth differently in implant and the corresponding section 
in mandible. As an instance, Fig. 2 shows the equivalent strain distribution in mandible implanted 
with cobalt-chromium alloy prosthesis under RMOL task.  
To investigate the design of proposed TMJ implant, the Safety Factor (SF) had been utilized. 
Yield strain used as reference data to calculate the Safety Factor (SF). The value of yield strain is 
extracted to be 7545E-6 for Ti-6Al-4V [12] and 3273E-6 for cobalt-chromium alloy [11].  Also, 
maximum equivalent strain in implant extracted and illustrated in Fig. 3 based on five clenching 
tasks and two materials. 
For both Ti-6Al-4V and cobalt-chromium alloy implants, the highest amount of strain (27E-4) 
was calculated in RMOL task, by 2.6E-3 and 2.4E-3 respectively. This trend was followed by LGF, 
ICP, INC tasks and then LGF+B task which had the lowest amount of strain. On the whole, the 
value of maximum equivalent strain resulted in Ti-6Al-4V case was lower in comparison with 
cobalt-chromium alloy one.   
The value of SF was calculated to be 2.86 for Ti-6Al-4V and 1.29 for cobalt-chromium alloy. 
The results proved that Ti-6Al-4V and cobalt-chromium alloy implants were safe for design 
stability of TMJ implant under the loading conditions. However Ti-6Al-4V had the higher SF than 
cobalt-chromium alloy. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Equivalent strain distribution in mandible implanted with Ti-6Al-4V TMJ implant in 
RMOL task. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Max von Mises strain on the TMJ implant under static loading of five clenching tasks. 
 Conclusion 
    The aim of this study was to study the design of TMJ implant made of Ti-6Al-4V and cobalt-
chromium alloy under five clenching tasks. Based on the results, it is expected that choosing Ti-
6Al-4V for implant was more convenient due to less strain generated at implant. 
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